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»3STRACT

Solid propellants have buen used as sources of high-pressure
gases for comparatively short periods of time for running turbines,
starting turbo-machines, atomizing liquids, operating pneumatic power
tools and, more recently, inflating life rafts, balloons, and collaps-
ible wing structures. One of the major problems encountered in in-
flatable devices has been the degradative effect of high-temperature
propellant gas on materials, resulting in rupture and/or burning of
fabric structures, This problem has been eliminated through the use
of a packed-bed chemical heat exchanger, thereby reducing effluent
gas temperature to an acceptable level.

A method is described for producing rapid and efficient cooling
by this technique, such that the temperature of the cooled gases is
essentially independent of both flame temperature and ambient temper-
ature, The method involves passing the high-temperature gas through .
bulk arrangements of chemicals which decompose endothermically and
produce further gases that mix with the propellant gases. The re-
sultant mixture has increased mass and a greatly reduced temperature,

Advances in chemical coolant-heat exchanger technology as related
to propellant gas-generating systems are described. In particular,
design data for specific propellant-coolant systems are discussed,
with emphasis on their use for inflatable devices.
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INTRODUCTION

It has long been apparent that gases formed from the combustion
of s0lid propellants would offer a convenient meang for inflating
aircrafi flotation bagsy, life rafte, collapsible structuires and
supports, weathar ballocns and the like. liowever, the high tempera-
; tures of gases 80 formed result in thernal erovsion of hoses, rubber
% valve matorisls, end fabrie walls, causing eventual rupturs end/or
'. conbugtion of the inflatable device. There have been several
; approaches to the basic problem of reducing the propallant gas
i terperature. All such aporoacnes provide a heat sink to accumulate
! thsrmal energy from the higher-tumpereture propellant gases. These
spproaches differ chiefiy by the sase of which heat treonsfer is accom-
plished.

Several invectigators heave passed propellant combustion pro-
ducts through a bed of inert metallic particles. Total heat
transferred is limited hore, however, {0 the sesnsible hoat ab-
sorbed by ths bed.

Sutter, e’cr.alo,(l)* used the primary propellant gas in en
ajactor to entrain a2 secondary stream of anbient air, such that
dounstream mixing would provide a relatively lowe: -temperature
ga3 nixture of increased mass(ses skatch, Figurs 1). The mass
ratio of secondary to primary gas approachegs zaro, however, for
dosnstrean pressures much greater than 6 psig. Furthemore,
ojectors opan to the amhient environment could not bs used where
there was danger of watar or other liquids being entrained by the

primary gae stresu.
(2)

In a classic latter patent, Maurice and Taveruier disclosed
a wothod vhereby the high-temperature product gases pass through
a packed, solid chemical bed. The nature of the chemical is such
that it undergoes a chemnical reaction, procucing still further
gaces that mix with the combustion gases. The result is a ganeous
mixtura of increased mass and considerably lower temperature than
‘ that of the original propellant combustion gasses. Outlet gss
i temporatures as low as 1L0°F have besn reported, using this method.
; Figurs 2 ia a sketch of such a systam, as used to determine the
’ feagibility of operating a stundard proumatic grinder. This
grinder operated for B0 seconds, remaining cool at a generator
prossurae of 500 psi.

# Numbors in brackets refer to references at the end of this paper
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THE CHEMICAL HEAT EXCHANGE P.WCESS

The process by which high temperature propellant gas exchanges
thormal energy with solid chemicals 18 exemplified by Figure 3.

direction of energy transfer
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Figure 3. Thermel Boundary Layer along a Coolant Platelet

The sketch here shows a gas stream flowing by a chemical "coolant®
crystal having a platelet form, with a flow direction that is cne-
dimensional. Energy is transferrsd from the gas to the coolant platelet
through a thermal boundsry layer, across which a temperature profile
has boen established. The ges terperature at the surface, T 8’ is olightly
greater than the decomposition temperaturs of the coolant; T4, while the
boundary temperaturs, Ty, is equal to that of the bulk stream. The
average zas temperature of the gas mixture leaving the boundary layer 1s
differentially lees than the incoming gas bulk temperature. This
difference is an indication of the rate of emergy being transferred (
to the platelet. According to Schlichting's solution of this problem, 3)
the heat transfer coefficient, h, across a laminar thermal boundary
layer for a flat plate (assuming no mass transfer) can be obtained from
the relation

1/3 /2

1
u = 0,66 (Pr) " “(Re)
vhere N = Nusselt Mumber = hi/k

Pr = Prandtl Number = C q/k
Rs © Reynolds Nurber = P

(1)
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Similar solutions exist for other shapes. Although the assumptions
of laminar, steady-state flow and no mass transfer do not strictly apply
here, this expression yields an approximate heat tranefar coefficient
which serves as a starting point in the abssnce of an exact solution.
While the properties of ths propellant gas influence the overall heat
transfer rate, these ars more or less {ixed by the choice of propellant.
Therefore, it is the orientation, shspe, and thermochemistry of the
chemical coolant particles that have 2 controlling influence on the
heat transfer prucess. Qualilatively speaking, the ideal coclant, from
the standpoint of obtaining high rates of energy transfer, should have
the following characteristics:

1. Low decomposition temnerature

2, High thermal conductivity

3. High endothermic heat of reaction

L. High surface-to.wlume ratio

5. long dimension in the flow directie:

Such combinations are difficult % find in practice, and it is
more often the case that several of these characteristics must be
compromised because of stability, toxicity, and compatability con-
siderations.

CHEMI CAL CUOLANTS
Represantative chemical coolants and their properties are tabulated
in Table I. MNote that endothermically-reacting mixtures may be ocon-
sidered for coolants, as is 1llustrated by the anhydrous copper sulfate-
sulfur mixture, which decomposes by the reactions
23 +c\:soh + 30,500 Calories -» CuS + 250,

This reaction resulte in two moles of gas for every 30 Kilocelories of
heat absorbed, or 0,067 moles gas/Kecal.

Table I. Coolant Properties

Ammonium Carbonate 9,18 136%F 16 Kcal

Ammonium Carbamate 13.8 1L0°F 38 Keal

Gelatinized Water 2.0 212% 9.TKcal

Ammoninn Hydrosulfide 141 212% 23 Keal

Sulfar/Copuer Sul.fate 3.2 - m%
53, Tubic Teet  Trensitional

por.l.b.. Coolant Temperature or Rsaction Energy
*®llem, Modem Pyrotechnics, Chem. Pub. 50., New York, p. 173 (1961)
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